Oncogenic c-ros oncogene1 (ROS1) fusion kinases have been identified in a variety of human cancers and are attractive targets for cancer therapy. The MET/ALK/ROS1 inhibitor crizotinib (Xalkori, PF-02341066) has demonstrated promising clinical activity in ROS1 fusion-positive non-small cell lung cancer. However, emerging clinical evidence has shown that patients can develop resistance by acquiring secondary point mutations in ROS1 kinase. In this study we characterized the ROS1 activity of PF-06463922, a novel, orally available, CNS-penetrant, ATP-competitive small-molecule inhibitor of ALK/ROS1. In vitro, PF-06463922 exhibited subnanomolar cellular potency against oncogenic ROS1 fusions and inhibited the crizotinib-refractory ROS1 G2032R mutation and the ROS1 G2026M gatekeeper mutation. Compared with crizotinib and the second-generation ALK/ROS1 inhibitors ceritinib and alectinib, PF-06463922 showed significantly improved inhibitory activity against ROS1 kinase. A crystal structure of the PF-06463922-ROS1 kinase complex revealed favorable interactions contributing to the high-affinity binding. Taken together, our results indicate that PF-06463922 has potential for treating ROS1 fusion-positive cancers, including those requiring agents with CNS-penetrating properties, as well as for overcoming crizotinib resistance driven by ROS1 mutation.
Oncogenic c-ros oncogene1 (ROS1) fusion kinases have been identified in a variety of human cancers and are attractive targets for cancer therapy. The MET/ALK/ROS1 inhibitor crizotinib (Xalkori, PF-02341066) has demonstrated promising clinical activity in ROS1 fusion-positive non-small cell lung cancer. However, emerging clinical evidence has shown that patients can develop resistance by acquiring secondary point mutations in ROS1 kinase. In this study we characterized the ROS1 activity of PF-06463922, a novel, orally available, CNS-penetrant, ATP-competitive small-molecule inhibitor of ALK/ROS1. In vitro, PF-06463922 exhibited subnanomolar cellular potency against oncogenic ROS1 fusions and inhibited the crizotinib-refractory ROS1 G2032R mutation and the ROS1 G2026M gatekeeper mutation. Compared with crizotinib and the second-generation ALK/ROS1 inhibitors ceritinib and alectinib, PF-06463922 showed significantly improved inhibitory activity against ROS1 kinase. A crystal structure of the PF-06463922-ROS1 kinase complex revealed favorable interactions contributing to the high-affinity binding. Taken together, our results indicate that PF-06463922 has potential for treating ROS1 fusion-positive cancers, including those requiring agents with CNS-penetrating properties, as well as for overcoming crizotinib resistance driven by ROS1 mutation.
PF-06463922 | ROS1 | kinase inhibitor R eceptor tyrosine kinases (RTKs) are vital conduits of extracellular signals that direct cell growth and survival pathways. Unregulated RTK activation through chromosomal rearrangements, point mutations, and gene amplification has been shown to be responsible for the initiation and progression of many cancers. The orphan RTK c-ros oncogene1 (ROS1) normally is expressed transiently in various tissues during development with little to no expression in adult tissues (1) . Elevated full-length c-ROS1 expression levels have been observed in 20-30% of patients with nonsmall cell lung cancer (NSCLC) by gene expression profiling (2) (3) (4) and in 13% of patients with lung adenocarcinoma using immunohistochemistry (IHC) (5) . However, its function, both in normal physiology and disease, remains poorly defined mainly because of its still unidentified ligand. Chromosomal rearrangements resulting in oncogenic activation of ROS1 have been observed in a subset of patients with glioblastoma (6-9), NSCLC (10) (11) (12) (13) (14) , cholangiocarcinoma (15) , ovarian cancer (16) , angiosarcoma (17) , inflammatory myofibroblastic tumors (18) , and Spitzoid melanoma (19) . To date, interchromosomal translocations or intrachromosomal deletions have resulted in the production of 20 different N-terminal ROS1 fusion genes in a variety of cancers (Table S1 ).
ROS1 is a distinct receptor with a kinase domain that is phylogenetically related to the anaplastic lymphoma kinase/lymphocyte-specific protein tyrosine kinase (ALK/LTK) and insulin receptor (INSR) RTK families (20) , suggesting that tyrosine kinase inhibitors for these receptors could have cross-activity against ROS1. A recent phase I/II clinical trial designed to evaluate the safety and efficacy of the ALK/mesenchymal-epithelial transition factor (MET)/ROS1 inhibitor crizotinib in patients with ROS1 fusion-positive lung cancer demonstrated promising results (21, 22) . However, consistent with the clinical experience across a number of molecularly targeted kinase inhibitors (23), a subset of patients with ROS1 fusion kinase-positive cancer treated with crizotinib acquired mutations within the ROS1 kinase domain that confer drug resistance (21, 24) . Therefore, there is a clear need for the development of new agents to overcome crizotinib resistance.
Significance
Overcoming resistance to targeted kinase inhibitors is a major clinical challenge in oncology. Development of crizotinib resistance through the emergence of a secondary ROS1 mutation, ROS1
G2032R
, was observed in patients with ROS1 fusion-positive lung cancer. In addition, a novel ROS1 fusion recently has been identified in glioblastoma. A new agent with robust activity against the ROS1 G2032R mutation and with CNS activity is needed to address these unmet medical needs. Here we report the identification of PF-06463922, a ROS1/anaplastic lymphoma kinase (ALK) inhibitor, with exquisite potency against ROS1 fusion kinases, capable of inhibiting the ROS1 G2032R mutation and FIG-ROS1-driven glioblastoma tumor growth in preclinical models. PF-06463922 demonstrated excellent therapeutic potential against ROS1 fusion-driven cancers, and it currently is undergoing phase I/II clinical trial investigation.
PF-06463922 is a novel compound with high affinity for ROS1 and ALK kinases (25) . In this report, we have characterized the activity of PF-06463922 against ROS1 kinase and crizotinibresistant ROS1 fusion mutations. We also evaluated the effect of this compound on ROS1 fusion-mediated NSCLC and glioblastoma tumor growth.
Results PF-06463922 Development and Kinase Inhibition Profile. PF-06463922 (Fig. S1 ) is a novel small-molecule ROS1/ALK inhibitor that was optimized for robust brain penetration. To this effect, specific considerations were incorporated in the design of PF-06463922, which included low efflux in cell lines overexpressing P-glycoprotein and breast cancer-resistant protein, as a means to enhance blood-brain barrier and cell penetration properties (25) . In biochemical enzyme assays, PF-06463922 was shown to be an ATP-competitive inhibitor of recombinant human ROS1 with a mean inhibition constant (K i ) of <0.025 nM (Fig. 1A and Datasets S1 and S2). The kinase selectivity of PF-06463922 was established by in vitro SelectScreen assays (Invitrogen) on a panel of 206 recombinant kinases. We found 13 tyrosine kinases, in addition to ROS1 and ALK, that were inhibited by >75% upon treatment with PF-06463922 at 1 μM (Fig. S2) . Next, competition binding assays were performed to determine IC 50 values against these 13 kinases. The results showed that PF-06463922 is most potent against ROS1 and ALK, with selectivity ratios >100-fold for ROS1 over the 204 kinases tested (Fig. S2) . We previously reported that crizotinib is a potent inhibitor of MET kinase with high affinities for ALK and ROS1 (26) . Unlike crizotinib, PF-06463922 did not show substantial activity against MET in recombinant enzyme- (Fig. S2 ) and cellbased assays. Compared with its ALK activity (K i <0.07 nM), this molecule is approximately threefold more potent against ROS1 in enzyme assays. These data indicate that PF-06463922 is a highly selective ROS1/ALK inhibitor with exquisite potency against ROS1 kinase.
To extend these in vitro biochemical findings, the inhibitory effect of PF-06463922 on the cellular ROS1 fusion kinase activity was determined by measuring the levels of autophosphorylated ROS1 (phospho-ROS1 Tyr2274 ) in cells. We used the human NSCLC cell line HCC78, which harbors SLC34A2-ROS1 short (S) and long (L) isoforms (11) , and a panel of NIH 3T3 and BaF3 cells engineered to express selected oncogenic ROS1 fusion variants including CD74-ROS1, SLC34A2-ROS1, and FIG-ROS1. Treatment of these cell lines with PF-06463922 potently inhibited the kinase activity of ROS1 fusion enzymes with IC 50 values ranging from 0.19-0.53 nM (Table S2) .
Given the high level of sequence and structural homology between the kinase domains of ROS1 and ALK and the clinical activity that some ALK inhibitors exert on ROS1 fusion-positive lung cancers (27, 28) , we set out to compare the ROS1 potency of PF-06463922, crizotinib, and other ALK inhibitors. We determined the K i values for recombinant ROS1 protein and IC 50 values on cellular ROS1 autophosphorylation for PF-06463922, crizotinib, ceritinib (Zykadia, LDK378) (29) , alectinib (Alecensa, CH5424802, AF-802) (30) , and foretinib (XL-880). Foretinib is a multitargeted RTK inhibitor recently reported to inhibit ROS1 (31) . Compared with the most potent of the above kinase inhibitors, PF-06463922 demonstrated a 30-fold improved potency against ROS1 in the recombinant enzyme assay ( Fig. 1A and Table  S3 ). In the engineered NIH 3T3 cells expressing oncogenic human ROS1 fusions, PF-06463922 was >10-fold more potent than crizotinib and foretinib and >100-fold more potent than ceritinib and alectinib against cellular ROS1 autophosphorylation for the selected oncogenic ROS1 fusion variants ( Fig. 1B and Table S2 ). Table S2 ). Compared with other kinase inhibitors, PF-06463922 was >10-fold more potent than crizotinib and foretinib and >100-fold more potent than either ceritinib or alectinib in both ROS1 fusion-mediated cell growth and ROS1 kinase inhibition (Fig.  1C, Fig. S3C , and Table S2 ); these findings are consistent with the enzyme activity data described earlier in the NIH 3T3-ROS1 cell systems (Fig. 1B and Table S2 ).
PF-06463922 Potency in Cells Expressing
Previously we demonstrated that ROS1 fusion kinases preferentially signal through the tyrosine phosphatase Src homology-2 domain containing protein tyrosine phosphatase-2 (SHP2) and activate both the MEK1/2-ERK1/2 and the AKT/mTORC1 signaling axes (32, 33) . Therefore, we evaluated the impact of PF-06463922 on these pathways. Treatment of HCC78 cells with PF-06463922 led to a dose-dependent decrease in phosphorylation of SLC34A2-ROS1 and downstream signaling molecules SHP2, Erk1/2, and AKT (Fig. 1D ). PF-06463922 was more potent than crizotinib or foretinib against pSLC34A2-ROS1 and its downstream targets, and it increased the level of the apoptotic effecter cleaved caspase 3 at much lower concentrations than required with crizotinib or foretinib (Fig. 1D) . Similar results were also observed in engineered BaF3 and NIH 3T3 cells expressing selected oncogenic ROS1 fusion variants (Fig. S4 ).
PF-06463922 Inhibits Crizotinib-Resistant Mutant ROS1
G2032R and ROS1 L2026M Gatekeeper Mutant. Next, we investigated the activity of PF-06463922 against the crizotinib-resistant ROS1 G2032R mutation in both recombinant enzyme and cell-based assays. PF-06463922 effectively inhibited the catalytic activity of recombinant ROS1 G2032R (K i , 12 nM) (Table S3 and Dataset S1) and the CD74-ROS1 G2032R fusion kinase in BaF3 cells (IC 50 , 203 nM) ( Fig. 2A,  Fig. S3D , and Table S3 ). This effect translated directly into an antiproliferative response (IC 50 , 177 nM) ( Fig. 2A and Fig. S3D ). We also reasoned that it would be informative to characterize the effect of PF-06463922 on the ROS1 L2026M gatekeeper mutant, in anticipation of its possible clinical emergence as a mechanism of resistance to crizotinib therapy. Residue L2026 is at the "gatekeeper" position of the inhibitor binding pocket, and mutation of this residue is the most common resistant mutation mechanism identified for kinase inhibitors in the clinic (e.g., BCR-ABL T315I , EGFR T790M , and EML4-ALK L1196M ) (27) . The mutation of Leu-2026 to Met was predicted based on the similarity of the ALK and ROS1 crizotinib binding sites. We found that crizotinib displayed decreased potency against the catalytic activity of ROS1 L2026M in recombinant enzyme (K i , 5.8 nM) (Table S3 and Dataset S1) and cell-based assays (IC 50 , 230 nM) (Table S2) . Consistently, crizotinib exhibited decreased antiproliferative activity in BaF3-CD74-ROS1 L2026M cells (IC 50 , 259 nM) (Table  S2 ). Of note, these concentrations of crizotinib against these two mutations are not clinically achievable (34) . On the other hand, PF-06463922 potently inhibited ROS1 L2026M with a K i of 0.1 nM (Table S3 and Dataset S1) and suppressed cellular CD74-ROS1 L2026M kinase activity and cell proliferation with IC 50 values of 0.57 and 1.1 nM, respectively ( Fig. 2A) . Compared with other ROS1/ALK inhibitors, PF-06463922 was >50-fold more potent than ceritinib and alectinib at inhibiting both the kinase activity and the growth of cells expressing ROS1 fusion mutants (G2032R and L2026M) (Fig. 2B and Tables S2  and S3 ). PF-06463922 showed potency similar to that of foretinib against the cellular CD74-ROS1 G2032R autophosphorylation, downstream signaling, and cell growth and was more effective at inhibiting CD74-ROS1
L2026M kinase activity and cell growth ( Fig. 2 B and C and Tables S2 and S3).
Structural Basis for PF-06463922-Enhanced ROS1 Inhibition. To elucidate the molecular basis of the inhibitory activity of PF-06463922 against ROS1, we determined the crystal structure of PF-06463922 bound to the ROS1 kinase domain. The complex reported here shows an overall protein conformation and inhibitor binding position similar to that previously described for the ROS1-crizotinib complex (Fig. 3A) (21) . However, although the binding orientations of crizotinib and PF-06463922 are similar, the latter has greater potency for ROS1/ALK because it was optimized specifically for ROS1/ALK binding, whereas crizotinib was designed as a MET inhibitor (25, 34, 35) .
PF-06463922 makes many favorable interactions with ROS1, which are highlighted in Fig. 3B . The aminopyridine core of PF-06463922 makes two hydrogen bonds to the kinase hinge segment. Both the benzylic methyl and fluorophenyl substituents fill lipophilic pockets. The aryl fluoride polarizes the ortho aryl C-H groups, providing close contact and electrostatic complementarity with backbone carbonyls at Gly2101 and Arg2083. The N-methyl group in the linker portion of the macrocycle makes contact with the carbonyl group of Leu1951 and the methylene of the adjacent residue Gly1952 of the G-loop. The macrocyclic amide carbonyl of PF-06463922 forms a water bridge with Lys1980. The orientation of the pyrazole ring is optimal for contact with the CH2 of the Gly2032, approximating a C-H donor-pi interaction. In addition, the pyrazole nitrogen participates in a water-mediated hydrogen bond to Asp2033. Finally, the U-shaped structure of the inhibitor surrounds the hydrophobic ridge created by the Leu2086 side-chain beneath the ligand. Productive protein interactions coupled with minimal induced binding strain result in a lowmolecular-weight, very potent and efficient ROS1 inhibitor.
The G2032R mutation was modeled into the ROS1 wild-type protein conformation to elucidate the impact of this mutation on the binding of PF-06463922 (Fig. 3C) . As previously reported for modeling of the ROS1 G2032R -crizotinib complex (21), G2032 makes van der Waals contact with the inhibitor pyrazole group. Some conformations of the arginine side chain at position 2032 may fill the pyrazole binding space partially and thus interfere with inhibitor binding. The overall decrease in binding is likely to be more significant for crizotinib than for PF-06463922 because the piperidine ring of crizotinib also clashes with R2032. Since PF-06463922 lacks this piperidine ring, the clash is reduced significantly.
The ALK L1196 gatekeeper residue makes contact with the identical portion of the aminopyridine methyl ether in PF-06463922 and crizotinib, indicating similar binding effect of both molecules to the ALK L1196M mutation. This similarity suggests that the much stronger potency of PF-06463922 toward L2026M ROS1, compared with crizotinib, is caused by the factors described above, making PF-06462922 a tighter binder to ROS1, and that the effect is not specific to this mutation. Although a crystal structure of L2026M ROS1 is not available, an overlay of the analogous 1196M ALK-PF-06463922 complex crystal structure shows that the two proteins are very similar around the gatekeeper residue, and therefore it is likely that a methionine side chain can be accommodated in ROS1, as it is in ALK (Fig. 3D) . Easier accommodation of the L2026M mutant into the inhibitor binding site correlates with the much smaller loss in potency of the L2026M mutation compared with the G2032R mutation. (84% to >100% inhibition, P < 0.0001) compared with vehicle control (Fig. 4 A and C) . At higher doses of PF-06463922 (2-6 mg·kg
PF-06463922 Is a Potent
) tumor volumes regressed significantly (58-85%, P < 0.0001) (Fig. 4 A and C) . The effect of PF-06463922 also was evaluated in the tumor model harboring the crizotinib-resistant ROS1-G2032R mutant. Treatment of animals bearing NIH 3T3-CD74-ROS1
G2032R tumors with 1.0, 3.0, and 10 mg·kg
·d −1 of compound significantly inhibited tumor growth by 28%, 44%, and 90%, respectively (P < 0.025), and the 30 mg·kg −1 ·d −1 group showed a 12% tumor regression compared with vehicle-treated mice (Fig. 4E) . Maximal antitumor activities were achieved at dose levels of 2 mg·kg tumors. (Fig. 4 A, C , and E).
To elucidate the PK/PD relationship between PF-06463922 plasma concentration (Fig. S5A) (Fig. 2B) . Additional PK/PD modeling analysis using an indirect response model estimated a concentration of 6.2 nM PF-06463922 to achieve comparable tumor stasis in the NIH 3T3 CD74-ROS1 oral dosing study (37) . These results indicate that PF-06463922 is able to induce marked tumor regression at single-digit nanomolar concentrations in tumor models expressing FIG-ROS1(S) or CD74-ROS1 fusions.
To confirm that treatment of PF-06463922 sufficiently blocked ROS1 and ROS1 G2032R kinase activity in tumors, we harvested tumor tissues at the end of the treatment periods and assessed ROS1 phosphorylation and downstream signaling by immunoblot analysis. Treatment with PF-06463922 resulted in a dosedependent inhibition of ROS1 autophosphorylation and downstream pSHP1, pSHP2, and pERK1/2 in tumors driven by both CD74-ROS1 and CD74-ROS1 G2032R (Fig. 4 D and F) . Nearly complete inhibition of ROS1 phosphorylation was observed at dose levels ≥0.2 mg·kg −1 ·d −1 for CD74-ROS1 tumors at I h (C max ) following oral dosing, and at doses ≥10 mg·kg −1 ·d −1 with continuous infusion for CD74-ROS1 G2032R tumors (Fig. 4 D and  F) . The levels of the cell-cycle protein cyclin D were reduced dose-dependently (Fig. 4 D and F) , correlating with a decrease in the number of cells staining positive for the marker of cell-cycle progression Ki67 (Fig. S5 B and C) . PF-06463922 treatment also showed a trend of dose-dependent increase in activated caspase 3 levels in all three tumor types (Fig. S6) , indicating its effect on inducing apoptotic cell death in ROS1 fusion-driven tumors. Furthermore, PF-06463922 treatment induced a dose-dependent reduction in total ROS1 protein levels in both NIH 3T3-CD74-ROS1 and CD74-ROS1 G2032R models.
PF-06463922 Inhibits Tumor Growth in an FIG-ROS1 Model of Malignant
Glioma. ROS1 fusion (FIG-ROS1) first was identified in human glioblastoma cells (6) (7) (8) , and recently Stransky et al. (9) reported the identification of CEP85L-ROS1 in a glioblastoma patient sample. PF-06463922 was designed to penetrate the blood-brain barrier optimally. Accordingly, this compound has shown good CNS exposure in preclinical animal models (25) . (38) and followed GBM growth parameters using bioluminescence imaging (BLI). We initiated GBM tumors in a cohort of LSL-FIG-ROS1 ; Cdkn2a −/− ;LSL-Luc animals by intracranial AdCre injections, and mice were monitored for tumor growth by BLI (Fig. 5A) . Once a BLI output of >10 7 p/sec/cm 2 /sr was reached, animals were assigned randomly to control or to 3-, 7-, or 14-d treatment groups with 10 mg·kg (Fig. 5 A and B) . Compared with the vehicle-treated group, all PF-06463922-treated animals displayed an altered tumor histopathology, showing a marked reduction in the number of Ki67-positive cells (Fig. 5 D  and E) and a uniform reduction in overall tumor cell size. Interestingly, we did not detect an increase in apoptosis in PF-06463922-treated GBM tumors as measured by the cleaved caspase 3 marker (Fig. 5F ). Western blotting of tumor cell lysates for pFIG-ROS1, pSHP2, pMEK1/2, and pERK1/2 demonstrated reduction of signaling, which is consistent with an inhibition of  FIG-ROS1 kinase activity (Fig. 5C) . Furthermore, total ROS1 IHC staining decreased markedly in treated vs. nontreated tumors (Fig. 5 D and E) as seen in the s.c. xenograft tumor studies (Fig. 3 D and F) . It was reported recently that HSP90 binding to ALK or Trk fusion proteins in cells was disrupted by crizotinib and other ALK inhibitors (39) . This disruption could contribute to the observed reduction in total fusion protein levels and could lead to an increase in the sensitivity of the cells to inhibitor treatment (40) . Similarly, reduced total ROS1 protein levels following prolonged PF-06463922 treatment in vivo may confer an additional mechanism to down-regulate ROS1 activity in ROS1 fusion-driven tumors. Additional studies are needed to fully elucidate the mechanisms behind this phenomenon.
Discussion PF-06463922 is a next-generation ROS1/ALK small-molecule inhibitor currently undergoing clinical evaluation in ALK and ROS1 fusion-positive NSCLC cancers. Collectively, our data demonstrated that PF-06463922 inhibits various oncogenic ROS1 fusion variants with subnanomolar potency in cell assays, and it showed remarkable selectivity against a broad panel of kinases. To our knowledge, PF-06463922 is the most potent and the most selective ROS1 inhibitor reported to date. Relative to crizotinib, the second-generation ALK inhibitors ceritinib and alectinib, and the multitargeted kinase inhibitor foretinib, PF-06463922 exhibits improved ROS1 potency in both biochemical and cellbased assays. Co-crystal structure analysis revealed that the superior potency of PF-06463922 against ROS1 is due to the multiple interactions between the compound and the ROS1 kinase domain. In vivo, PF-06463922 demonstrated marked cytoreductive antitumor activity at single-digit nanomolar concentrations in ROS1 fusion-driven tumors. PF-06463922 is well tolerated in mice, rats, and dogs. The exquisite potency, kinase selectivity and the good physiochemical properties of PF-06463922 confer an impressive preclinical therapeutic index. The estimated safety margin for PF-06463922 against ROS1 fusions is >100-fold in preclinical studies, determined by comparing the free C effs in various tumor models in mice vs. the average free plasma concentration of the maximal tolerated doses in the 1-mo good-laboratory-practices safety studies in rat and dog.
Recently, the solvent front ROS1 G2032R mutant has been identified in multiple lung cancer cases following crizotinib treatment (24, 41, 42) . ROS1
G2032R is an analog of the ALK G1202R mutation that is resistant to all marketed ALK inhibitors, including crizotinib (43, 44) , ceritinib, (29) and alectinib (45) . Although PF-06463922 demonstrated reduced potency against ROS1
G2032R
relative to the nonmutant kinase, it still exerted robust antitumor effects in ROS1 G2032R fusion-driven tumors at the predicted clinically relevant exposure levels. Ceritinib and alectinib, on the other hand, did not show substantial activity against this mutant or the ALK G1202R mutant, as reported previously (29, (43) (44) (45) . Indeed, these data are consistent with the results from the study conducted by Awad et al., showing that alectinib lacks activity against the ROS1 G2032R mutation (22) . Interestingly, the multitarget kinase inhibitor foretinib showed a lesser shift in potency against ROS1 G2032R vs. ROS1 and was marginally more potent (∼2.5 fold) than PF-06463922 against ROS1 G2032R in cell-based assays. Shortly before our manuscript submission, Katayama et al. (46) reported cabozantinib (XL-184), a multitarget kinase inhibitor, as a potent inhibitor of ROS1 and ROS1 mutants. We tested cabozantinib in the ROS1 fusion-engineered BaF3 cell system and observed IC 50 values similar to those reported (Fig. S7) . Our data indicate that cabozantinib is slightly less potent than PF-06463922 but is more potent than crizotinib, ceritinib, alectinib, and foretinib against wild-type ROS1 or the ROS1 L2026M gatekeeper mutant, but it is ∼10-fold more potent than PF-06463922 and foretinib and >100 fold more potent than other ALK inhibitors against the ROS1 G2032R mutation. The clinical ROS1 activities of these inhibitors will depend on the free drug exposure levels associated with the maximum tolerated dose in patients.
PF-06463922 was designed to penetrate the blood-brain barrier and showed a 30-40% brain drug exposure vs. plasma concentrations in rats (25) . Consistent with these attributes, we demonstrated significant tumor regression following 7-d treatment with PF-06463922 in a FIG-ROS1 -driven transgenic glioblastoma mouse model. The ability of PF-06463922 to penetrate the blood-brain barrier and shrink the FIG-ROS1 glioma tumors makes it an attractive candidate for treatment of ROS1 fusion-driven brain lesions. This result, together with its exquisite ROS1 potency and ability to suppress the resistant ROS1 mutations, supports the clinical evaluation of PF-06463922 in ROS1-positive NSCLC and glioblastoma, including patients who have developed resistance to crizotinib because of the acquired G2032R mutation and/or brain metastases.
Materials and Methods
Additional methods are provided in SI Materials and Methods.
All animal procedures were conducted in accordance with a protocol approved by the Tufts University Institutional Animal Care and Use Committee and by the Institute for Laboratory Animal Research Guide for the Care and Use of Laboratory Animals (47) and with Pfizer Animal Care and Use Committee guidelines.
